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[57] ABSTRACT 

An automatic gain control (AGQ amplifier, which may 
be fabricated as a monolithic integrated circuit, pro- 
vides linear gain response in dB over a wide dynamic 
range. The AGC amplifier comprises multiple cascode 
amplifier stages connected in cascade to provide high 
power handlign capability and high gain. A control 
voltage is input to a linearization circuit which provides 
an output to an operational amplifier that functions as a 
voltage controlled voltage source (VCVS), The VCVS 
produces a conctitioned control voltage which is fed 
back to the linearization circuit and provided to each of 
the cascode amplifier stages. The conditioned control 
voltage provided to each amplifier stage causes current 
to be removed from the cascode amplifier, thereby 
lowering its gain. The overaU gain of the AGC ampli- 
fier is linear in dB with respect to linear changes in the 
control voltage applied to the linearization circuit 

9 Qaims, 2 Drawing Sheets 
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Each cascode amplifier stage provides maximum gain 
WIDE RANGE LINEAR AU TOM ATIC GAIN when the conditioned control voltage is at a minimum. 

CONTROL AMPLIFIER • As the conditioned control voltage increases, current is 

removed ftom the cascode amplifier, thereby lowering 
TECHNICAL FIELD 5 its gain. The linearization circuit and the VCVS condi- 

The present invention relates to electronic amplifiers ^^^'^ *f ^^^Jfgf ^^V^ ^^^""^^ ^ 
and, in particular, to an automatic gain control amplifier ^j^^^^S*^ ^PP^^^^. to the Imeanzation circuit re- 
in which a linear change in the control voltage causes a '^^'^ ^ ^ m dB of the overall gain of the 
linear gain response in dB over a wide dynamic range. AUC ampiuier. 

BACKGROUND OF THE INVENTION DESCRIPTION OF THE DRAWINGS 

Automatic gain control (AOQ amplifiers generally . """^f/^rif * understanding of the present 

have a non-linkr gain resp<^ vAth r^ct to change for further advantages thereof, reference 

in the control vohagc fa some appU^ons. s^as „ " ""Z^*. to the foUowmg Description of the Preferred 

receivers associated ^nuUsteeri^ antennas in satel- Emtodunentt^enm conjunction with the accompany, 
lite communications systems for example, it is desirable cti^^^T^^i"* i^^- ^ ' ^ ^.u i- a vet 

to have an AGC ampler that provides linear gain in ^.T.l^^S^.S^'"'''^'' """^ ^^""^^ 

'^Z^JZ^st'S^^^C^pmer in.s.t.m. ^ ^^^^ ^ ^^-"^^ ^^"^ ^^^^ 
X 1 • * _^ • r 1 20 mvention* 
tracking antenna system is that a portion of the elec- 
tronic circuitry for a steering antenna can be effectively DESCRIPTION OF THE PREFERRED 
integrated into the amplifier itself, thus eliminating extra EMBODIMENT 
circuitry and/or software. More ^^^^ ^ automatic gain control 
mg the hnear slope of the amplifiers power ^5 (AGC) amplifier of the present invention is generally 
T^T ^""'^ easily detected, quantified and cor- i^^^ by reference numeral 10. An input signal L 
rected for. This aspect of a hnear amplifier can be ad- provided at terminal 11 of AGC amplifier 10. Amplifier 
vantageous where a trackmg antemia is located near a jq, which may be fabricated as a monolithic integrated 
commumcations antenna operatmg at a close frequency. comprises amplifier stages A, B, C, and D con- 
In this environment, the tracking antenna must be able 30 rected in cascade. Stage D is connected to a single-to- 
to maintain satelhte tracking m the presence of differential converter and buflfer circuit 12 that provides 
"fiiendly jammmg" fi-om high power communications ^ ^^^^^^ signal at terminals 13. 
transmissions. The gain of AGC amplifier 10 is controUed by a 

Presently available AGC ampM^^ control voltage Vagc provided at terminal 14. Control 
high signal level capabdity with a high gam response 35 voltage Va« is applied to a linearization circuit 16 
that is Imear m dB as a result of linear changes in the provides an output on line 17 connected to an 
control voltage. In addition, power dissipation is a operational amplifier fimctionmg as a voltage con- 
major concern when high gain amplifiers are fabricated trolled voltage source (VCVS) 18. VCVS 18 provides a 
as monolithic integrated circuits. Thus, there is a need conditioned control voltage Vagc on line 20 that is fed 
for an AGC amplifier mq)lemchted as a monolithic 40 back to the linearization circuit 16 and applied to each 
integrated circuit that also has high power handling of the amplifier stages A, B, C. and D, AGC amplifier 
capability, stable gain adjustable over a wide range, and 10 is designed so that its overall gain m dB is linear m 
linear gain response in dB with respect to changes in the response to linear changes in control voltage Vagc at 
control voltage. terminal 14. Amplifier 10 has an AGC range of approxi- 
SUMMARY OF THE INVENTION mately 95 dB at a maximum input power of —4.0 dBm 

at 50 ohms and an output power of —4.0 dBm at 300 

The present invention is an automatic gain control ohms. 
(AGQ amplifier designed to be fabricated as a mono- Referring to FIG. 2, AGC amplifier 10 is Qlustrated 
lithic integrated circuit and to provide linear gain re- in a schematic circuit diagram. Tlie input signal at ter- 
sponse in dB over a wide dynamic range. The AGC 50 minal 11 is amplified by amplifier stages A, B, C, and D 
amplifier comprises multiple cascode amplifier stages which are connected in a cascade configuration. Volt- 
connected in cascade to provide high power handling age supply transients are reduced by separating the 
capability and high gain. supply buses for amplifier stages A and B from the buses 

Cascode amplifier stages are utilized because they for stages C and D as shown in FIG. 2. Because ampU- 

may be controlled by additional circuitry to produce a 55 fier stages A, B, C, and D are nearly identical, the fol- 

logarithmic change in gain, which is linear in dB with lowing description of the operation of amplifier stage A 

respect to a control voltage. In the present invention, applies similarly to amplifier stages B, C, and D. 

the control Amplifier stage A is designed around a basic cascode 

r voltage is applied tb a linearization circuit utilizing amplifier comprising transistors Ql and Q2. Cascode 

large bipolar transistors. The output of the linearization 60 amplifier stages are used in the design of linear AGC 

circuit is input to an operational amplifier that fimctions amplifier 10 because of their high power handling capa- 

as a voltage controlled voltage source (VCVS), The bility, high but stable gain, and gain response capability 

VCVS produces a conditioned control voltage that is a over a wide dynamic range. 

non-linear, scaled-down function of the control voltage The input signal at terminal 11 is applied to the base 

input to the linearization circuit. The conditioned con- 65 of transistor Ql, which functions as part of a current 

trol voltage is fed back to the linearization circuit and is source for amplifier stage A. The current source abo 

provided to each of the multiple cascode amplifier includes a complementary transistor Q5, a complemen- 

stages. tary resistor R2 which equals resistor Rl, complemen- 
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tary resistors R3 and R4 which are equal, and resistor vide more current than the linearizer demands. If this 
R5 which sete the maximum current corresponding to were not true, there would be a flat spot in the AGC 
zero automatic gain. The complementary components response curve. Also, the pseudo-cascode circuit is 
function to reduce current variations due to tempera- provided with the conditioned control voltage Vazc as 
ture changes, part tolerances, and manufacturing pro- 5 afecdbacksignalapplied to the base of transistor Q14 so 
cesses so that an absolute current can be estabUshed that the current source of the linearization circuit 16 
through the cascode amplifier. The corresponding resis- imitates the cascode amplifier stages by maintaining a 
tors Rll, R12, and R15 of sUge B; R21, R22, and R25 fixed current. 

of Stage C; and R31, R32, and R35 of Stage D perform The small voltage changes at the emitter of transistor 
sunilar functions for their respective amplifier stages but 10 Q12, which correspond to changes in the mput control 
have values that are scaled to provide the desired over- voltage Va^c* are provided on line 17 as an intermediate 
all gain of AGC amplifier 10. non-linear voltage input to the operational amplifier 

Automatic gain control of the cascode amplifier stage functioning as voltage controlled voltage source 
A is implemented by transistor Q3 connected in parallel (VCVS) 18. VCVS 18 produces conditioned control 
with transistor Q2. A conditioned control voltage \age» 15 voltage Vagc* which is a non-lmear function of the input 
which is described below, is applied to the base of tran- control voltage Vagc- Conditioned control voltage Vagc 
sistor Q3 through divider resistors R6 and R7, which is output on line 20, fed back to linearization circuit 16, 
help reduce interaction between the amplifier stages. and provided to each of the cascode amplifier stages A. 
The emitter of transistor Q4 provides the output of B, C, and D. Termmal 21 of VCVS 18 is connected to 
amplifier stage A to amplifier stage B, with inter-stage 20 an external capacitor that sets a dominant pole to pro- 
coupling capacitor CI provided to limit potential feed- vide stability for VCVS 18. 

back between stages. The maximum gain of amplifier As a brief summary of the operation of AGC ampli- 
stagc A is achieved when the conditioned control volt- fier 10, an increase in control voltage V^gcat terminal 14 
age at the base of transistor Q3 is at a minimum. As the causes the voltage at the base of transistor Q12 to de- 
conditioned control voltage increases, transistor Q3 23 crease. A small decrease in the voltage at the emitter of 
draws current away from transistor Q2, thus lowering transistor Q12, which is functionally related to the in- 
the gain of amplifier stage A. Diode Dl prevents tran- crease in the control voltage Vose* is provided to VCVS 
sistor Q4 from having zero base-collector voltage at 18 on Imc 17. The voltage on line 17 is amplified, in- 
minimum gain conditions and prevents collector-emit- verted, and level shifted by VCVS 18 and output on line 
ter breakdown of transistor Q3. Amplifier stages B» C, 30 20 as conditioned voltage Wage - Conditioned voltage 
and D function similarly to stage A to control the over- Va^' is fed back to linearization circuit 16 and provided 
all gain of AGC amplifier 10. The output from stage D to the base of transistor Q3 in each of the amplifier 
is applied to a angle-to-differential converter and buffer . stages. As conditioned voltage V^gc' increases at the 
circuit 12 which provides an output signal on terminals base of transistor Q3, the collector current in transistor 
13. 33 Q3 increases exponentially, and the collector current in 

Lmearization of AGC amplifier 10 is hnplemented by transistor Q2 falls accordingly because tiie total current 
providing Uie control voltage V^gcat terminal 14 to the to both transistors Q2 and Q3 is fixed. Because a Imear 
linearization circuit 16. The Ihiearizer portion of linear- change in the control voltage Vagc causes an exponential 
ization circuit 16 includes transistors Qll and Q12, change m the collector current m transistor Q3, Uie 
which are large bipolar NPN transistors. The large 40 control voltage change yields a linear gain change in 
emitter areas of transistors Qll and Q12 help to reduce dB. Therefore, AGC amplifier 10 provides a Imear gain 
non-lmearities at high current densities because of their in dB in response to a linear change in the control volt- 
lower resistance. age. The output of amplifier stage D is applied to a 

Control voltage Wagcy wMch ranges from zero to 4 single-to-differential converter and buffer circuit 12 to 
volts, is appUed to the base of transistor Qll. The volt- 45 Ihnit the output power to -4.0 dBm at 300 ohms, 
age Vagc is inverted at the collector of transistor Qll The preferred embodiment of AGC amplifier 10 illus- 
and also at the base of transistor Q12. Thus, a rise in trated iii FIG. 2 produces a maximum gain of approxi- 
Wagp results in a linear fall in the base-emitter voltage of mately 65 dB at a control voltage Vagc of zero. Ampli- 
transistor Q12. This linear change in the base-emitter fier 10 has an AGC linear dynamic range of approxi- 
voltage produces an exponential change m the collector 50 mately 95 dB with a gain reduction per volt of approxi- 
current of transistor Q12. The purpose of the lineariza- mately 30 dB/volt, 

tion circuit 16 is to keep this linear base-emitter voltage The AGC amplifier of the present invention may also 
as linear as possible over a range of several decades to be configured as a differential amplifier. In this altema- 
produce the desired collector current. This circuit tive embodiment, an additional cascode amplifier, corn- 
forms the basis for the gain control of the entire AGC 55 prising transistors Ql, Q2, and Q3, is connected in each 
amplifier 10. stage of amplifier 10 to form a differential amplifier as is 

To produce the conditioned AGC voltage V^g^'i the well known in the art. 
linearization circuit 16 includes a pseudo-cascode cir- Although the present invention has been described 
cuit that imitates the cascode amplifiers, such as de- with respect to a specific embodiment thereof, various 
scribed above in amplifier stage A. In FIG. 2, the lower 60 changes and modifications may be suggested to one 
portion of linearization circuit 16, which includes tran- skilled in the art, and it is mtended that the present 
sistors Q13-17, is a pseudo-cascode stage. Transistors invention encompass such changes and modifications as 
Q15 and Q17 function as a current source similar to fall within die scope of the appended claims, 
transistors Ql and Q5 of amplifier stage A. In addition, I claim: 

the current source circuit including transistors Q15 and 65 1. A linear automatic gain control (AGC) amplifier 
Q17 is identical to the linearizer comprising transistors comprising: 

Qll and Q12 so that both circuits will track together. a cascode amplifier for providing high gam amplifica- 
The current source circuit must always be able to pro- tion of an mput signal; 
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a linearization circuit for receiving a control voltage 
and producing an intermediate voltage functionally 
related to said control voltage; and 

a voltage controlled voltage source connected for 
receiving said intermediate voltage and for provid- ^ 
ing a conditioned control voltage to said cascode 
amplifier such that the gain of said amplified input 
signal is linear in dB in response to linear changes in 
said control voltage. 

2. The AOC amplifier of claim 1, wherem said volt- 
age controlled voltage source (VCVS) comprises an 
operational ampliiier that outputs said conditioned con- 
trol voltage to said cascode amplifier and to said linear- 
ization circuit as a feedback signaL IS 

3. The AGC amplifier of claim 1, wherein said linear- 
ization circuit comprises*. 

a first NPN transistor havmg a base connected to 
receive said control voltage, a collector connected 
to a voltage supply, and an emitter connected to 
ground; and 

a second NPN transistor having a base connected to 
the collector of said first transistor, a collector 
connected to said voltage supply, and an emitter 25 
connected to a current supply circuit, the emitter 
of said second transistor providing said intermedi- 
ate voltage. 

4. The AGC amplifier of claim 1, further comprismg 

a plurality of cascode amplifiers connected in cascade, 30 
wherein each of said plurality of cascode amplifiers 
receives said conditioned control voltage. 

5. A linearization circuit for an automatic gain con- 
trol (AGC) amplifier, comprising: 

a first NPN transistor having a base connected to 
receive a control voltage, a collector connected to 
a voltage supply, and an emitter connected to 
ground; 

a second NPN transistor having a base connected to 40 
the collector of said first transistor, a collector 
connected to said voltage supply, and an emitter 
connected to a current supply circutt» the emitter 



772 

6 

of said second transistor providing an intermediate 
voltage output and 
a voltage controlled voltage source (VCVS) con- 
nected for receiving said intermediate voltage out- 
put and providing a conditioned control voltage to 
the AGC amplifier and to the linearization circuit 
as a feedback signal. 
6. The linearization circuit of claim 5, wherein the 
gain of the AGC amplifier is linear in dB in response to 
linear changes in said control voltage applied to the 
base of said first NPN transistor. 

7- The linearization circuit of claim 6, wherein the 
AGC amplifier comprises a plurality of cascode ampli- 
fier stages connected in cascade, and wherein each of 
said plurality of cascode amplifier stages receives said 
conditioned control voltage from said VCVS. 

8. A Unear automatic gain control (AGC) amplifier, 
comprising: 

a plurality of cascode amplifiers connected in cascade 
for providing high gain amplification of an input 
signal; 

a linearization circuit for receiving a control voltage 
and providing an intermediate voltage output; and 

a voltage controlled voltage source (VCVS) for re- 
ceiving said intermediate voltage output and pro- 
vidmg a conditioned control voltage to each of said 
plurality of cascode amplifiers and to said lineariza- 
tion circuit as a feedback signal, wherein linear 
changes in said control voltage produce linear gain 
in dB of said amplified signal. 

9» The AGC amplifier of claim 10, wherein said lin- 
earization circuit comprises: 

a first NPN transistor having a base connected to 
receive said control voltage, a collector connected 
to a voltage supply, and an emitter connected to 
ground; and 

a second NPN transistor having a base connected to 
the collector of said first transistor, a collector 
connected to said voltage supply, and an emitter 
connected to a current supply circuit, the emitter 
of said second transistor providing said intermedi- 
ate voltage output 

• * * « « 
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